Background
==========

Henoch-Schönlein purpura (HSP) is the most common childhood vasculitis, characterized by a palpable purpuric rash, arthritis, gastrointestinal involvement, and nephritis \[[@b1-medscimonit-23-2333]--[@b3-medscimonit-23-2333]\]. Kidney involvement occurs in 20--60% of patients, and the severity of renal involvement determines the long-term prognosis. Patients presenting with nephrotic-range proteinuria usually have the highest risk of poor long-term renal outcome \[[@b1-medscimonit-23-2333],[@b4-medscimonit-23-2333],[@b5-medscimonit-23-2333]\]. However, the most appropriate management of HSP nephritis (HSPN) with nephrotic-range proteinuria remains uncertain.

Mycophenolate mofetil (MMF) is an immunosuppressant which selectively blocks T and B lymphocyte proliferation *in vivo*. It was previously used to prevent and treat allograft rejection due to its great treatment efficacy and limited liver and kidney toxicity \[[@b6-medscimonit-23-2333],[@b7-medscimonit-23-2333]\]. In addition, it can reduce risk of *de novo* malignancies after liver transplantation \[[@b8-medscimonit-23-2333]\]. Recently, the efficacy of MMF in several glomerular diseases has been confirmed by numerous reports \[[@b9-medscimonit-23-2333],[@b10-medscimonit-23-2333]\] and it is recommended by the 2012 KDIGO guidelines. However, few studies have evaluated the value of MMF in HSPN \[[@b11-medscimonit-23-2333]--[@b13-medscimonit-23-2333]\].

In this study, the clinical effects and prognosis of MMF and low-dose steroid combined therapy were evaluated in Chinese pediatric HSPN patients with nephrotic-range proteinuria with normal kidney function and pathological classification less than grade IV.

Material and Methods
====================

Patients
--------

We enrolled 61 children who were hospitalized in the Department of Nephrology, the Children's Hospital of Zhejiang University School of Medicine (Hangzhou, China) from Jan 2012 to Jan 2015. The inclusion criteria were pediatric HSPN patients with nephrotic-range proteinuria, normal kidney function, and \<50% crescents or sclerosing lesions on renal biopsy. Because of the severe proteinuria, patients were given renal biopsy 1 month after the HSP nephritis was confirmed. Each patient's family gave written informed consent for a renal biopsy and the collection of clinical data in follow-up. Renal tissue was obtained by needle biopsy under ultrasound guidance. The biopsy findings were graded according to the ISKDC classification \[[@b14-medscimonit-23-2333]\]. Patients with ISKDC grade more than grade III were excluded from this study. Initial clinical data such as age, sex, renal function, albumin, white blood cell, 24-h proteinuria, and follow-up data were obtained from medical records. The creatinine clearance from the serum creatinine and height was estimated by the Schwartz formula \[[@b15-medscimonit-23-2333]\].

Treatment protocol
------------------

Patients who met the inclusion criteria were divided into 2 groups: either administration of CellCept^®^ plus low-dose prednisone (the MMF+GC group) or full-dose prednisone alone (the GC group). Patients in the MMF+GC group (n=41) received oral CellCept^®^ at a dosage of 20--30 mg/kg a day with a course of about 1 year and the dose was not changed during the first 6 months unless the drug had intolerable adverse effects such as severe gastrointestinal reaction, drug allergy, and severe liver or kidney function damage. Prednisone at a dosage of 1 mg/kg·d (maximum daily dose 30 mg) was given for 4 weeks, after which prednisone was tapered off gradually within 6--9 months. We reduced the prednisone dose by about 5 mg/m^2^ every 4 weeks until the end of the study. In the GC group (n=20), the patients were treated with 2 mg/kg·d of prednisone (maximum daily dose 60 mg) alone for 4 weeks, reduced to 1 mg/kg for 4 weeks, and then tapered off gradually within 6--9 months. Patients in both groups also received ACEI and supportive therapies.

A 3-point abbreviated pharmacokinetic profile for MPA exposure was performed 1 month after MMF therapy, based on MPA plasma concentrations before oral intake of MMF (C0) and 30 min (C0.5) and 2 h (C2) thereafter. The MPA-AUC~0--12h~ was calculated using the formula: MPA-AUC~0--12h~=7.75+(6.49\*C0)+(0.76\*C0.5)+(2.43\*C2) \[[@b16-medscimonit-23-2333],[@b17-medscimonit-23-2333]\].

Definitions for clinical outcomes
---------------------------------

The patients were followed up (median: 23 months, range: 12\~44 months). Short-term (6 months) and long-term outcomes were evaluated. Clinical outcome was graded as A, B, C, and D according to Meadow's criteria \[[@b18-medscimonit-23-2333]\]. Category A was favorable outcomes, while categories B, C, and D were unfavorable outcomes.

Statistical analysis
--------------------

The data were analyzed using SPSS 17.0 (SPSS Inc., Chicago, IL). Continuous data are expressed as means ± standard deviation (χ̄±s), and the means between the groups were generated for comparison using the *t* test. Categorical data were analyzed using the χ^2^ test. MPA-AUC was plotted on an ROC curve. The area under the ROC was calculated to classify the MPA-AUC as either normal (proteinuria remission) or malignant (proteinuria persistent) according to the result of 6-month clinical observation. The most appropriate cutoff values were established as the ones with higher result of the sum of sensitivity and specificity. Survival analysis was performed using the Kaplan-Meier method. Survival curves were compared using the log-rank test. A P value less than 0.05 was considered as statistically significant.

Results
=======

Baseline patient characteristics
--------------------------------

The clinical characteristics of the 61 patients are shown in [Table 1](#t1-medscimonit-23-2333){ref-type="table"}. There were 32 boys and 29 girls. The age at disease onset ranged from 3 to 15 years. There were 41 cases (67.2%) treated with MMF and low-dose prednisone (MMF+GC group) and 20 cases (32.8%) with full dose prednisone alone (GC group). No significantly difference were found in initial clinical data such as 24-h proteinuria, serum albumin, white blood cell, hemoglobin, platelet, serum creatinine, and eGFR in patients in the 2 groups. While all patients had skin lesions, gastrointestinal involvement and arthritis were determined in 54.1% and 60.7%, respectively. Extra-renal manifestations at admission were not significantly different between the 2 groups.

Pathological characteristics of the patients
--------------------------------------------

Pathological characteristics of renal biopsy in the 2 groups are shown in [Table 2](#t2-medscimonit-23-2333){ref-type="table"}. Grade III was the most common histological type (33/61, 54.1%). Moderate mesangial proliferation (37/61, 60.7%) and mild Interstitial infiltrates (56/61, 91.8%) were the most common renal pathological lesions. No significant differences in the pathological characteristics between the 2 groups were found.

Short-term response to therapy and long-term follow-up
------------------------------------------------------

The short-term and long-term outcomes in both groups (prednisone with or without mycophenolate mofetil therapy) are listed in [Table 3](#t3-medscimonit-23-2333){ref-type="table"}. Significant differences were found in short-term response between the 2 groups (χ^2^=4.371, P=0.037), but no significant differences were found in long-term follow-up (χ^2^=0.419, P=0.522).

The description of MPA-AUC and ROC curve analysis
-------------------------------------------------

In the MMF+GC group, the MPA-AUC was 34.53±8.86μg·h/mL, ranging from 19.04 to 63.74 μg·h/mL and the short-term follow-up showed 26 of 41 children (63.4%) were in remission. The predictive value of the MPA-AUC for remission on the short-term follow-up was assessed by ROC curve analysis, which showed the most appropriate cutoff was 30.67 μg·h/ml for MPA-AUC ([Figure 1](#f1-medscimonit-23-2333){ref-type="fig"}). At the cutoff value of 30.67 μg·h/ml, the area under ROC curve was 0.731, with 85.2% sensitivity and 64.3% specificity. Comparison of short-term outcome with MPA-AUC \<30.67 μg·h/ml and ≥30.67 μg·h/ml revealed a significant difference (χ^2^=8.744, P=0.03).

Survival curve analysis
-----------------------

Difference in long-term prognosis (the remission of proteinuria) between the 2 groups was analyzed by Kaplan-Meier curves; however, no significant difference was found (χ^2^=1.112, P=0.292) ([Figure 2](#f2-medscimonit-23-2333){ref-type="fig"}).

Adverse effects and extra-renal manifestations during follow-up
---------------------------------------------------------------

The adverse effects of prednisone or prednisone plus MMF are listed in [Table 4](#t4-medscimonit-23-2333){ref-type="table"}. Hypertension was defined as an average systolic or diastolic blood pressure \>95^th^ percentile for age, sex, and height on at least 3 separate occasions. No significant differences were found between the 2 groups.

During the follow-up, the extra-renal manifestations in the MMF+GC group included 3 episodes of repeating purpura, 1 of arthritis, and 2 of stomach ache. In the GC group, 1 case with repeating purpura and 1 with arthritis were found. The results suggested that no significant differences existed between the 2 groups (χ^2^=0.253, P=0.615).

Discussion
==========

The degree of renal involvement is an important indicator for the prognosis of HSP, and nephrotic-range proteinuria is regarded as a risk factor for poor long-term renal outcomes. Glucocorticoid (GC) is the fundamental therapy for HSP with severe complications, including severe abdominal pain, arthralgia, or central nervous system involvement. Although GC is widely used in children presenting with nephrotic-range proteinuria or acute nephritis, there are very limited data to support the use of GC in children with established nephritis of any severity \[[@b19-medscimonit-23-2333]\].

The role of immunosuppressive agents in the treatment of HSPN is uncertain. The treatment of severe HSPN with methylprednisolone and urokinase pulse therapy \[[@b20-medscimonit-23-2333]\], cyclophosphamide \[[@b21-medscimonit-23-2333],[@b22-medscimonit-23-2333]\], cyclosporine A \[[@b23-medscimonit-23-2333]\], azathioprine, and other medications have been described in previous studies. However, these reports are either single-case studies or small case series, and the limited data make it unclear whether these have any role in HSP nephritis.

Mycophenolate mofetil is a common and effective immunosuppressant previously used to prevent and treat allograft rejection \[[@b6-medscimonit-23-2333]\]. Recently, the efficacy of MMF in several kidney disease, such as primary nephrotic syndrome \[[@b16-medscimonit-23-2333],[@b24-medscimonit-23-2333]\], focal segmental glomerulosclerosis, and lupus nephritis, had been confirmed by numerous reports \[[@b9-medscimonit-23-2333],[@b10-medscimonit-23-2333]\]. In HSP nephritis, mycophenolate mofetil was considered to be a promising therapeutic agent in patients unresponsive to steroids \[[@b25-medscimonit-23-2333],[@b26-medscimonit-23-2333]\] or severe HSP nephritis with crescent \[[@b27-medscimonit-23-2333],[@b28-medscimonit-23-2333]\]. A single-center, retrospective analysis of 12 children with HSPN with nephrotic-range proteinuria treated with MMF \[[@b12-medscimonit-23-2333]\] revealed all patients had negative proteinuria and normal renal function in the 14-month follow-up, and no relapses or serious adverse effects were noted. In the present study, we evaluated the curative effect and outcome of MMF with low-dose steroid on pediatric HSPN patients manifesting nephrotic-range proteinuria and pathological classification less than grade IV, and found that MMF plus low-dose prednisone can accelerate the remission of proteinuria in short-term observation, although no differences in long-term outcome were found. Although we found no significant differences between the 2 groups in adverse effects during the follow-up, the effect of using a smaller dose of corticosteroid on the growth and development of children cannot be ignored, which may not have shown up in the relatively short follow-up period in our study.

In addition, the duration of the nephrotic states is related to long-term outcomes in HSP patients with nephrosis. Hitoshi \[[@b5-medscimonit-23-2333]\] retrospectively studied 42 children with HSPN who presented with a nephrotic state during the early phase of the disease for 2.8--14.2 years. Among 22 patients with a nephrotic duration \>3 months, 13 had unfavorable outcomes (3 grade C and 10 grade D outcomes), and multivariate logistic regression analyses revealed that a nephrotic state of \>3 months was the only independent predictor of long-term outcomes, which was also supported by Coppo's study \[[@b4-medscimonit-23-2333]\]. Similar results in studies of IgA nephropathy also support this notion \[[@b29-medscimonit-23-2333],[@b30-medscimonit-23-2333]\]. Achieving remission of proteinuria as soon as possible may provide maximum protection of renal function and improve the prognosis. We did not find differences in long-term outcomes between the 2 groups in this study, which may be related to the limited follow-up time and small sample size.

MMF is quickly absorbed in the gastrointestinal tract and metabolized to MPA, which has a key biochemical function *in vivo*. MPA-AUC~0--12h~ is considered the criterion standard for monitoring of MPA, which is a reflection of exposure to the drug over the entire dosing period. Although it is generally agreed \[[@b31-medscimonit-23-2333]--[@b33-medscimonit-23-2333]\] that MPA-AUC should be controlled at 30--60 μg·h/mL in an organ transplant patient, the appropriate range of MPA-AUC~0--12h~ in pediatric glomerular disease is still controversial. Few studies have reported on MMF exposure in children with nephrotic syndrome. A study on 24 children with nephrotic syndrome showed that the upper boundary of MPA-AUC~0--12h~ should be more than 60 ug.h/mL to ensure safe and effective treatment \[[@b34-medscimonit-23-2333]\]. Another study on children with frequently relapsing nephrotic syndrome \[[@b16-medscimonit-23-2333]\] revealed that patients with low MPA-AUC (\<50 μg.h/ml) experienced 1.4 relapses per year compared with 0.27 relapses per year in those with high exposure (MPA-AUC\>50 μg.h/ml; P\<0.05). However, the appropriate range of MPA-AUC~0--12h~ in HSPN had not been determined. Our study revealed that MPA-AUC more than 30.67 μg·h/ml was a reasonable cutoff value for treating children with HSPN. The distributions of short-term outcomes with MPA-AUC less than or more than 30 μg·h/ml are shown in [Table 5](#t5-medscimonit-23-2333){ref-type="table"}. There was a significant difference between the 2 groups (χ^2^=8.744, P=0.03).

Previous studies have found that glucocorticoid was not effective for purpura in HSP. A few cases reports showed that MMF may be an acceptable treatment for skin rash or gastrointestinal symptoms. In the long-term follow-up of the present study, we did not find a difference in extra-renal manifestations between the 2 groups, regardless of the small sample size.

The present study has several limitations. First, because the drugs for treatment were selected by the patients and/or their parents, the possibility of selection bias cannot be ignored. The patients we observed were all Asians, and the effect of MMF may vary in different populations. In addition, the sample size was small and the time of follow-up was limited. Further studies with larger sample sizes and longer follow-up may draw more reliable conclusions.

Conclusions
===========

In summary, MMF is an immunosuppressor that can be used in treating the nephrotic state and pathological classification less than grade IV for HSPN patients. It can help to reduce the dosage of glucocorticoid and promote the remission of proteinuria without increasing obvious adverse reactions in short-term follow-up. MPA-AUC more than 30 μg·h/ml is a reasonable value in the combined therapy with MMF and steroid for treating children with HSPN.
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![The ROC curve of MPA-AUC for short-term outcomes of MMF and GC treatment in children with HSPN. The predictive value of MPA-AUC in short-term outcomes of MMF and GC treatment in HSPN children were evaluated by receiver operating characteristics curve. The area under the ROC curve of MPA-AUC was 0.731 with the optimal cut-off value of μg·h/ml (sensitivity: 85.2%; specificity: 64.3%).](medscimonit-23-2333-g001){#f1-medscimonit-23-2333}

![Survival analysis of GC group and MMF+GC group by Kaplan-Meier plot. The children were treated with GC or MMF+GC and followed up. Clinical outcome was graded according to Meadow's criteria. Grade A was considered as good outcome while Grade B--D were considered as bad outcomes. Kaplan-Meier plot and log-rank test were used to compare clinical outcomes between the 2 treatment groups.](medscimonit-23-2333-g002){#f2-medscimonit-23-2333}

###### 

Baseline clinical characteristics and pathological characteristics of the patients in the MMF and control groups.

  Characteristics                                    Group           *P*-value      
  -------------------------------------------------- --------------- -------------- -------
  Cases, n                                           41              20             
  Male/female, n                                     23/18           9/11           0.415
  Age (year)                                         7.61±2.87       7.79±2.88      0.82
  Time from discovery to biopsy (days)               21.29±7.37      17.60±8.29     0.083
  24 hr proteinuria (mg/m^2^)                        96.69±50.12     82.15±29.36    0.236
  Serum albumin (g/L)                                36.45±5.41      37.98±4.44     0.278
  Serum creatinine (μmol/L)                          44.00±10.09     45.47±11.37    0.610
  White blood cell (×10^9^ L^−1^)                    10.30±3.98      8.83±2.16      0.126
  Hemoglobin (g/L)                                   129.05±10.54    124.15±12.44   0.114
  Platelet (×10^9^ L^−1^)                            345.71±96.35    335.70±79.25   0.689
  eGFR (ml/min/1.73 m^2^)                            146.87±32.73    139.11±47.53   0.458
  IgA (mg/dl)                                        2.03±0.57       1.94±0.42      0.538
  Extra renal manifestations at admission, *n* (%)                                  
   Palpable purpura                                  41/41           20/20          1
   Gastrointestinal involvement                      21/41 (51.2%)   12/20 (60%)    0.518
   Arthritis                                         24/41 (58.5%)   13/20 (65%)    0.628
  Follow-up time (month), median (range)             23.29±6.25      27.1±10.13     0.075

###### 

Initial pathological characteristics of renal biopsy.

  Characteristics                    Group           *P*-value     
  ---------------------------------- --------------- ------------- -------
  Cases, n                           41              20            
  Pathological type (ISKDC), n                                     
   I                                 1               1             0.933
   II                                17              9             
   IIIa                              10              4             
   IIIb                              13              6             
  Proportion of glomeruli with (%)                                 
   Crescent                          23/41 (56.1%)   10/20 (50%)   0.654
   Global sclerosis                  2/41 (4.9%)     1/20 (5%)     0.984
  Mesangial proliferation, n                                       
   Mild                              10              9             0.251
   Moderate                          27              10            
   Severe                            4               1             
  Glomerular segmental necrosis, n   1               2             0.248
  Interstitial infiltrates, n                                      
   Absent                            2               2             0.728
   Mild (≤25%)                       38              18            
   Moderate (25--50%)                1               0             

###### 

Comparison of short- and long-term outcome in two groups with moderately severe Henoch- Schönlein purpura nephritis.

  Group    n    Short-term outcome (6 months)   Long-term outcome (median: 23 months, min ≥12 months)                         
  -------- ---- ------------------------------- ------------------------------------------------------- --- --- ---- ---- --- ---
  MMF+GC   41   26                              13                                                      1   1   28   11   1   1
  GC       20   7                               10                                                      2   1   12   6    2   0
  Total    61   36                              20                                                      3   2   40   17   3   1

Chi-square test showed significant difference on short-term outcome in two groups (χ^2^=4.371, P=0.037) while no statistic difference were found on long-term prognosis (χ^2^=0.419, P=0.522).

###### 

Repo rts of side effects in children with moderately severe Henoch-Schönlein purpura nephritis in two groups.

                            MMF+GC       GC        *P*-value
  ------------------------- ------------ --------- -----------
  Number                    41           20        
  Adverse events (%)        13 (31.7%)   7 (35%)   0.509
  Infection                 9            6         
  Urinary tract             3            1         
  Bronchitis                4            3         
  Encephalitis              0            1         
  Herpes zoster             2            0         
  Verruca vulgaris          0            1         
  Abnormal liver function   2            0         
  Hypertension              1            1         
  Leukopenia                1            0         

###### 

Comparison short-term outcome with different MPA-AUC range.

  Group                     n        Short-term outcome (6 months)                    
  ------------------------- -------- ------------------------------- -------- ------- -------
  MPA-AUC \<30.67 μg·h/ml   13       4                               8        1       0
  MPA-AUC ≥30.67 μg·h/ml    28       22                              5        0       1
  **Total**                 **41**   **26**                          **13**   **1**   **1**

χ^2^=8.744, P=0.03.
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